Cultures of rumen bacteria can be stored at -20°C for at least 2 years in a liquid medium containing 20% glycerol. Thawing, sampling, and refreezing do not significantly affect viability.
The examination of bacterial populations in natural environments frequently requires the preservation of large numbers of isolates over a period of months to years. Because of the need to maintain as far as possible the original characteristics of an isolate, the selective pressures exerted by repeated subculturing on laboratory media must be avoided. Adequate preservation of anaerobic rumen bacteria can be achieved by freeze-drying or by freezing agar slopes or stabs at -40 to -80°C (2, 6), but both procedures have disadvantages. Freeze-drying offers secure longterm storage, but the processing of large numbers of cultures is laborious and requires specialized equipment. Freezing of agar-grown cultures is convenient, but finding adequate storage space at -40 to -80°C is often difficult and expensive, and equipment failure or loosening of stoppers at low temperatures can lead to loss of strains. With either procedure, the stored container can normally be used only once and must then be replaced.
In and all transfers were made with disposable syringes (7) . Agar slants and deeps were prepared with RGCA medium (1) modified to contain 0.05% glucose, 0.05% cellobiose, 0.1% soluble starch, 0.1% xylan, and 0.5% Trypticase. The liquid medium used was 98-5 (3) modified to contain 0.05% xylan, and this medium was also used for determining viable counts in roll bottles with the addition of agar to 2% (wt/vol). Dilutions for viable counts were prepared by using the dilution fluid of Bryant and Robinson (4) .
Freeze-dried cultures were prepared from cells grown on slants of RGCA medium for 16 to 24 h at 39°C. The cells from two slants were (Revco Ultra Low freezer; six replicates). Viable counts were determined by placing a sample from the agar deep obtained with a sterile spatula (while maintaining anaerobiosis with a stream of 02-free C02) into a preweighed, sterile, gassed 30-ml serum bottle containing 15 g of 5-mm glass beads. After the bottle was sealed, the weight of the sample was determined (normally 0.5 to 1.0 g), 9 volumes of dilution buffer was added, and the sample was dispersed by shaking for 5 min on a paint mixer.
Liquid cultures were prepared by inoculating 0.1 ml of an overnight culture into 4 ml of medium 98-5 in a 10-ml serum bottle. After 12 to 24 h of incubation at 39°C, 2.7 ml of 50% glycerol (vol/vol) made up in anerobic dilution fluid was added, and the culture was stored at -20°C (seven replicates). Viable counts were determined after first completely thawing and remixing the contents of the bottle at 4°C. One culture of each strain was thawed, sampled, and refrozen at each sampling time (total, five cycles) to determine the effect of repeated sampling, and a previously unthawed culture was sampled to determine survival at that time point in the absence of additional freeze-thaw cycles. Viable counts were determined on day 1 and at 4 weeks, 6 months, 1 year, and 2 years after storage of the culture. As shown in Fig. 1 , adequate survival was obtained for all strains over 2 years by all methods tested except for storage as agar deeps at 4°C. In most cases, it was apparent that storage could be extended beyond 2 years without risk. When liquid cultures with glycerol were thawed, sampled, and refrozen (five times over a 2-year period), the number of surviving cells did not differ significantly from the number of survivors in the culture thawed only once.
These results show that liquid cultures containing 20% glycerol, held at -20°C, provide a safe and convenient method of storing rumen bacteria isolates for periods exceeding 1 year. The advantages over alternative methods include the ability to recover viable cultures repeatedly from a single stock, minimal requirements for equipment or preparation time, and the high degree of reliability inherent in the simplicity of the method and equipment.
